The protein permeabilities of the blood-cerebrospinal-fluid barrier and the blood-urine barrier are compared. In both instances the permeation rates of proteins can be better correlated to hydrodynamic radii than to molecular weights. The decreasing clearance rates of ceruloplasmin, IgG, and IgA reflect the hydrodynamic heterogeneity of these three proteins, which have similar weights. The IgM clearance rate appears too high, possibly owing to monomer IgM, other IgM fragments, selective transport, or active immunity, so its inclusion is not recommended in clearance studies.
If the clearance values are plotted versus hydrodynamic radii, concave curves are obtained (Fig.l) . In selective proteinuria with IgG clearance rates below 30~~of the albumin or transferrin clearance the curves approach a straight line, and for clinical purposes it is justifiable to assume a linear correlation in a double linear plot (Fig.2) . In these patients the a2-macroglobulin level generally could not be determined with the methods used. In less selective proteinuria, with IgG clearance rates above 30% and detectable a2M levels, an acceptable linear correlation is obtained in a semilogarithmic plot ( Fig. 3) .
If appropriately plotted, clearance data can be much better correlated with hydrodynamic radii than with MW (Table 1 ). In six of seven patients with detectable IgM levels the clearance rates of IgM were greater than those of cx2-macroglobulin ( Fig. 4) . In view of the inverse relation of their hydrodynamic volumes, IgM clearance should not be used as a permeability parameter. standard procedures (Hardwicke and Squire, 1955; Blainey et al., 1960; Augener, 1964; Joachim et al., 1964; Renner, 1969) . The hydrodynamic radii were calculated from diffusion velocity, gel partition chromatography, and exclusion gel electrophoresis data (Felgenhauer, 1974) .
MATERIALS AND METHODS
A filtration barrier is optimally characterised by the slope of the regression line, molecular size against ratio of serum to filtrate concentration. Depending on the model adopted for the kidney barrier, the solute would have to migrate either Urine handling, protein quantitation, and clear-through membrane pores or to penetrate a hydroance calculation were performed according to philic gel-like matrix. In both instances, however, 100
The passage of soluble serum proteins through the kidney filter depends on their molecular size.
The correlation between clearance rate and molecular weight (MW) is widely used to evaluate the permeability of the glomerular apparatus. The following proteins are generally used to construct a line in semilogarithmic or bilogarithmic plots:
Albumin (MW = 69 OOa), transferrin (MW = 81 000), IgG (MW = 150 000), IgA (MW = 150 (00), a2-macroglobulin (MW = 798 000), and IgM (MW = 800 0(0).
It is well known that ceruloplasmin (MW = 152 0(0) generally permeates the kidney filter much better than IgG and IgA, an unexpected finding in view of their similar MW. The same discrepancy was observed at the blood-cerebrospinal-fluid barrier, where the serum/CSF concentration ratios could be much better correlated to hydrodynamic radii than to MW (Felgenhauer, 1974) . The fundamental difference between the geometric and the hydrodynamic volume of a protein becomes most evident with the large serum proteins above 1SO 000 daltons.
There is general agreement that serum filtration is the primary process in urine formation. Since the continuous size dependence of protein passage from the intravascular into the cerebrospinal fluid compartment is also indicative of an underlying filtration process in CSF formation, the protein permeability of the blood-urine barrier may also depend more closely on the hydrodynamic radius than on molecular weight. This has already been demonstrated by the glomerular filtration rates of synthetic polymers with different partial specific volumes (Hardwicke et al., 1970; Renkin, 1970) . Hydrodynamic radii versus molecular weights in clearance studies of urine 101 the permeation rate should depend mainly on the hydrodynamic properties of the molecules. Final proof of this postulate has been prevented by the limited number of hydrodynamic data in the biochemical literature.
MW may replace hydrodynamic radii if the transferred proteins have a "normal" globular conformation. But the decisive difference between both molecular parameters becomes evident if the proteins have either an elongated or some other voluminous structure.
The hydrodynamic radii of proteins can now be determined by gel retardation techniques. The separation by partition chromatography also depends on the hydrodynamic behaviour of the proteins, as does the passage through the capillary wall (Hardwicke, 1973) . Thus Renkin's formula for passive transport through membranes (Renkin, 1955) has been successfully applied to molecular sieve chromatography (Ackers, 1964) , and accordingly a column of glomerular basement membranes was tried instead of Sephadex granules (Huang et al., 1967) . Membranes from nephrotic patients behaved like a gel with enlarged pore volumes. The superiority of hydrodynamic radii over MW as the size parameter for the blood-CSF barrier was already evident, but it was even more convincing for the blood-urine barrier. Since a2macroglobulin could not be measured in the urine in highly selective proteinuria, the accuracy of the permeability line depended on ceruloplasmin, IgG, and IgA, a group of proteins with similar MW. The steeply decreasing clearance rates of these three proteins can be best explained by their hydrodynamic differences.
If the ratio hydrodynamic radius/geometric radius (R/R.) is taken as a parameter for the overall conformational shape of the protein molecule, ceruloplasmin (R/R = 1.34) has a "normal" globular structure. The y-shaped elongated immunoglobulins, however, have very large hydrodynamic volumes (R/'R of IgG = 1.53; R/R. of IgA = 1.62) as compared with other proteins of this size (Felgenhauer et al., 1975) .
Urinary transferrin smoothly obeys the hydrodynamic filtration principle in contrast to the cerebrospinal fluid transferrin, which includes tauglobulin, a locally synthesized transferrin variant added to the serum derived fraction. IgM does not fit into the scheme proposed in this paper. Its unexpectedly high urine level theoretically could indicate a selective transfer process or the local synthesis of a portion added to the serum filtrate at any site of the urogenital tract. It is also possible that IgM-monomer or other fragments preferentially pass the kidney filter.
IgG and 19A clearance rates can be used as permeability criteria only in the absence of any active postglomerular release into the urogenital tract. If locally produced immunoglobulins are secreted into the urine, only clearance data of other proteins can be used to evaluate the filtration process.
In these diseases the deviation of immunoglobulin clearance rates from the linear filtration line may indicate activity of a local immune response.
By analogy with CSF formation there is no absolute exclusion limit for proteins above a critical size. Even the largest serum proteins fibrinogen and ,a-lipoprotein permeate both barriers and are present in extremely small amounts (Schultze and Heremans, 1966) . The impairment of either barrier preferentially facilitates the passage of larger solutes.
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